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Abstract 
This paper uses a gravity model to determinate the territory of two facilities on a two-dimensional plane and aims to 
discover its new implications. The recursive process is installed to the model in the way that the future scale of 
facility reflects the present amount of territory. And the facilities can be located in the two-dimensional circular 
domain so that the hinterland effect is incorporated.  
In result, firstly, the ordinary tendency, so-called the weak to the wall phenomenon, is observed. The smaller the 
distance-decay parameter is, the more frequently the monopolization occurs. On the other hand, however, the peculiar 
variations in the model's behaviour are also found with changes in the parameter values. The reversal change of the 
facility scale, coexistence of two facilities even in small distance-decay parameter’s case, and other novel phenomena 
also happen with some cases of facility locations and initial scale conditions. 
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1. Introduction 
Spatial interaction models are constantly researched in the field of urban analysis. How space, 
especially the distances between different locations, affects human travel and interaction is a topic that 
has long fascinated researchers. Research in the 20th Century focused on transportation networks, but in 
recent years the focus has shifted to the field of information technology. Many theoretical and empirical 
studies have been conducted based on the traditional gravity model by Converse [1] and Huff’s 
probability model ([2,3]).  
One of the models that has attracted the attention of the author is the “balance mechanism” model, 
formulated by Harris and Wilson [4] and Rijk and Vorst [5] and later developed by Honma and Kurita [6]. 
In the balance mechanism model, when the spatial interaction model is applied to retail activity dynamics, 
the store dynamic “the attractiveness of the store of the current period is reflected in higher sales figures 
in the next period and those increased sales in turn are reflected in the attractiveness of the store” is 
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included in the model. Honma and Kurita [6] have designed a two-dimensional model incorporating the 
interrelating effects of a store’s success and the number of store visitors, based on their observation of 
realistic simulations. In this model, where the sales volume is stochastically allocated and the density of 
store placement is determined, the spatial distribution of stores changes, depending on the distance among 
that stores and the shape of the target area. 
On the other hand, a simpler model has been proposed by Okudaira [7] who examined a linear city 
model where two facilities are located at both ends of a line. His study shows that when the trade area of 
the two facilities is determined using the Gravity model, the smaller the distance-decay parameter, the 
greater the tendency towards concentration. A similar trend was observed in the study by Kurita [8] which 
was based on two types of Huff model. Furthermore, Okudaira [7] has conducted a simulation of a two-
dimensional model with multiple facilities, using the balance mechanism noted above. 
Kurita, in another study, used Hotelling model dynamics in which a store changes its location in order 
to maximize sales [9]. This is a simulation of a long-term store strategy as it is difficult to move the store 
in a short period of time – investment in existing facilities would be a more practical short-term solution. 
Hodgson [10] revealed the implications of hierarchical location-allocation model by a negative 
exponential Reilly law formulation with size-attractiveness parameter and distance-decay parameter. He 
[11] also analyses the boundary effect in respect of both planners’ and users’ standpoint. The study 
confirms that boundary relaxation promotes greater efficiency and, on the other hand, sometimes causes 
the areal disparity. It is admirable that his studies are good attempts to make the location-allocation 
models more realistic.  
Boots and Shiode [12] introduced the procedures of the recursive construction of Voronoi diagrams 
and Delaunay tessellations, which are produced by the previous generator set and new members created 
by it. It is interesting that the structures which result from the recursive Voronoi construction are fractal in 
nature. 
These examples indicate that models based on the spatial interaction model tend to become very 
complicated. This is a matter of course if the purpose of these studies is to better reflect reality, however 
the author cannot help but think that there is a hidden implication in simpler models that has still to be 
examined by researchers. In this article, the author tries to reflect the simpler model and deduce more 
fundamental implications. In result, it shows both general inclinations and new paradoxical phenomena.  
This article, therefore, attempts to re-examine and extend the linear city model by Okudaira [7]. Based 
on a simple hypothetical model, a) recursive process is applied as in the studies of Honma and Kurita [6] 
and, b) effects of hinterlands and influences of store positioning are considered, to identify characteristics 
intrinsic in the model. Of all the studies related to retail trade area analysis, this study is characterized as a 
basic and fundamental study. 
Target area is the circle domain in two-dimensional plane, which is to be divided into two territories by 
two facilities. The logic of division is decided by the gravity model. This article theoretically and 
experimentally examines the effect of the parameters.  
It should be noted that the “balance mechanism” is a process that involves loss or lack of balance. 
Balance is achieved if the subject of the model is adapted to the situation, but is lost if the size and 
positioning of the store remains unchanged even if the surrounding conditions change. Therefore, the 
more general and neutral term of “recursive process” rather than “balance mechanism” is used in this 
article. Using a simple model, a recursive effect of the store’s sales share during the current period is 
reflected in the attractiveness of the store, and its sales volume in the following period is examined. 
For an example of more empirical studies, Isoda, Tanaka and Watanabe [13] set the trade area of two 
shopping areas visited by bicycle using a 50 percent borderline of the revised Huff model, and compared 
their results with those of a field survey. Here, as pointed out by Kasahara and Furuyama [14], a 50 
percent borderline (a line where attractiveness of the two shopping areas is balanced) which is an 
Apollonius circle, is used. In this article, following the comprehensive theoretical study conducted as 
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multiplicatively weighed Voronoi diagram (3.1.1 in Okabe, Boots and Sugihara [15]), the fundamental 
theoretical aspects are reconsidered.  
2. Methods and formulation  
For the purpose mentioned above, a circle with a radius of 1 on two-dimensional plane is introduced as 
a target area out of consideration to the ease of mathematical manipulation. Within the circle, two 
facilities or stores (A and B) are located (hereafter “facilities”), and the target area is divided into two 
trade areas. As shown in Figure 1 the following parameters are defined. The center of the target area 
(circle) O is the point of origin, and the x-axis is in the direction of A from point O.  
r1˖Distance between the origin O and Facility A 
r2˖Distance between the origin O and Facility B 
α˖Angle between OA and OB 
λ˖Distance-decay parameter in the gravity model 
˄assuming 0̰r1, r2̰1, 0̰α̰π, 0˘λ˅ 
In this model, when each facility’s size or degree of attractiveness (hereafter “size”) is indicated by sA, 
sB and the distance from both facilities to the boundary of the trade area is indicated by dA, dB. The 
boundary of the two areas is the line where the formula (1) is formed.  
 
          (1) 
                                       
 
By (1), consequently 
 
                                  (2) 
 
is easily obtained and the line where the target area (circular domain) is divided by (2) thus determined. 
When λ=2, it is known as the Converse’s statement (Converse 1949). 
Furthermore when  
 
                                          (3) 
 
is given, the trading area boundary is the line which makes the ratio of (the distance from A) : (the 
distance from B) to be 1 : S1/λ.  
The line is an Apollonius circle including the smaller facility. The part of target area within the circle 
is the trade area of smaller facility, and the rest of the target area is the trade area of the larger facility. 
This means that “the trade area of a larger facility may extend to the area on the other side of the smaller 
facility,” as observed in real life. 
Here subscripts indicating time points are set at n (n=0, 1, 2, …) and the following recursive process is 
applied: 
When the ratio of the facility size at a time point n is sA : sB ˙1 : Sn.  
x The line where (distance from facility A) : (distance from facility B) = 1 : Sn1/λ in the target area 
(circle) is the boundary of the trade area.  
x The ratio of the two new trade area sizes becomes the facility size ratio of the next time point.  
x The ratio of the facility size at the time point n+1 is 1 : Sn+1.  
x Within the circle, the line where (distance from facility A) : (distance from facility B) = 1 : Sn+11/λ  is 
the boundary of the trade area.  
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This is a process whereby the ratio of the facility size determines the trade area, and the ratio of the 
trade area determines the facility size at the next time point. It is a model with a simple simulation of 
trends in facility expansion and contraction. 
Let us calculate Sn+1 from Sn.. 
There are three cases as shown in Figure 2-(1), 2-(2) and 3. At first, for the former two, r and d in the 
figures are commonly calculated as below.  
 
     
  
       (4) 
  
 
 
                             
 
     (5) 
  
 
The method of calculating Sn+1 differs depending on the positional relationship between the target area 
(circle) and the Apollonius circle which is the boundary of the two trade areas. In the case where the 
Apollonius circle is included in the target area as in Figure 2-(1) (0̰d̰1-r), the area within the  
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Fig. 2-(1). Target domain division when Sn≠1 
in the case where the Apollonius circle is  
Fig. 1. Target area and the positioning 
of two facilities 
Fig. 2-(2). Target domain division when Sn≠1 
in the case where the Apollonius circle 
overlaps the target area 
Fig. 3. Target area division when Sn=1 
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Apollonius circle (area =πr2) is the trade area at the time point n+1 of a facility smaller at the time 
point n, and the area outside the Apollonius circle but within the target area is the trade area at the time 
point n+1 of a facility larger at the time point n. 
In the case where there is an intersection (1-r˘d̰1+r) as in Figure 2-(2), the overlapped area of the 
two circles is the trade area at the time point n+1 of a facility smaller at time point n, and the rest of the 
target area is the trade area of the larger facility. The overlapped area I, the total area of bow-shaped I1 
and I2, is calculated,  
 
 
                (6) 
 
here θ1 and θ2 are set as in Figure 2-(2) is obtained by cosine law with r and d.   
Cases other than Figure 2-(1) and 2-(2) (d˚1+r, that is, the target area and the Apollonius circle has 
no overlapped area) do not occur unless the two facilities are located within the target area.  
As a result, formulae (7), (8), (9) and (10) are obtained, assuming that all variables and invariables are 
not negative.   
 
i)  When Sn˚1 and d̰1-r,  
 
      (7) 
 
ii)  When Sn˚1  and  d˚1- r 
                
      (8) 
 
iii)  When Sn˘1 and d̰1- r  
            
                                                                                                         (9) 
 
iv)  When Sn˘1 and d˚1- r 
                 
        (10) 
 
In the remaining case where Sn=1, the boundary line is the perpendicular bisector on the line 
connecting A and B, as in Figure 3.  
Here d0 in Figure 3 is the length of the line between the point of origin and that straight line. From the 
formula of the distance between the point and straight line, formula (11) is obtained 
 
 
   (11) 
 
and the trade area I0 of Facility A is calculated, 
 
                                       (12) 
 
where θ0 is obtained by the arccosine of d0. Therefore the result is  
 
v)  When Sn˙1 
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    The whole above process demonstrates that if r1, r2, α, λ are given, Sn+1 can be calculated from Sn. 
3. Observation of overall Sn movement 
Figure 4 shows the movement of the model with various parameter values. S representatively 
expresses the specific value of Sn . The dotted area means the field of the parameter values within which 
the S value reduces by n, in other words, Sn+1㸺Sn when the value of S in each figure is Sn. 
Moving horizontally from the left to the right, the value of λ reduces. Vertically moving upward from 
bottom to top, the value of S increases. Some points of note are shown in Figure 4.  
3.1.  The overall effect of λ 
As shown in Figure 4 and on the left side of Table 1, the general trend is for spreading to progress 
when the value of λ increases (the stronger the trend of Sn+1㸺Sn as the value of Sn increases, and Sn+1˚Sn 
when the value of Sn decreases), and when its λ value decreases, concentration ensues (the stronger the 
trend of Sn+1˚Sn as the value of Sn increases, and Sn+1㸺Sn when the value of Sn decreases).   
In the two-dimensional circular model in this study, λ=2 is the bifurcation point, as shown in the figure, 
if α=π (where A and B are located on both sides of the line passing through the point of origin) is applied. 
In fact, when α=π and when the value of Sn is sufficiently large, the Apollonius circle in most cases 
will be included in the target area and thus we need to consider only case i) expressed in formula (7). 
Thus when Sn˚ˍ, (14) is obtained from formulae (7) and (4) and we can confirm that λ=2 is indeed the 
dividing point. (The same applies when the value of Sn is sufficiently small when Sn 㸺1) .  
 
 
 
                                                                                                                              
              (14) 
 
At the same time, if the tendency of spreading remained when n→∞ with λ=2 and α=π, it was 
confirmed that the total of r1 and r2 is larger than the constant value (r1+r2˚1).  
3.2. The overall effect of α 
Figure 4 and the right side of Table 1 indicate that in general, the larger the value of α the greater the 
tendency of spreading. This is because A and B tend to be far apart. When α=0, the smaller of r1 or r2 
tend to be at advantage, as a smaller value means that it is located closer to the center. Depending on the 
location of r1 and r2, a subtle phenomenon occurs, as discussed below. 
4. The effects of subtle changes of r1 and r2 
The same α and λ may result in greater differences, depending on the values of r1 and r2 as shown in 
Table 2.  
When λ=2 and α=π/4 in Table 2, assuming that S0=0.50 with (r1ˈr2)=(0.60, 0.40) as the starting point, 
there is a convergence at S∞=0  (Sn→0 when n→∞ is expressed this way).  That is, B having a small 
value at the beginning disappears, and A  (with a large value at the beginning) gets even larger and 
occupies the entire target area. This does not change when (r1ˈr2)=(0.60, 0.38) but the speed of 
conversion decreases slightly. But when the amount of r2 is slightly changed to (r1ˈr2)=(0.60, 0.37), 
S∞=∞ is obtained, and the value of B, small at the beginning, increases to finally occupy the entire target 
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area. This tendency is even stronger when (r1ˈr2)=(0.60, 0.30). This is due to replacement of the starting 
point Sn+1㸺Sn with Sn+1> Sn due to subtle changes in the location of r1 and r2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The range of various parameter values for Sn+1㸺Sn. (When Sn takes the value of S in each figure, 
it becomes Sn+1㸺Sn when the parameter vales are located in the dotted area). 
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Table 1. Overall effects of λ and α 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Subtle effects of r1 and r2 
 
 
 
 
 
 
 
 
 
 
 
 
 
The relative size of the two facilities may change depending on the change in value of S even within 
the range of Sn+1˚Sn at the beginning. When S0=0.01 (B is significantly smaller˅was set at the 
starting point when λ=2, α=3π/4 and (r1ˈr2)=(0.30, 0.80) it converged at S∞=0.062, showing a slight 
trend of spreading. The degree of spreading increases from (r1, r2)=(0.50, 0.80) with S∞=0.156 and 
further to  (r1ˈr2)=(0.70,  0.80) with S∞=0.468. The reverse result finally occurs when (r1, r2)=(0.90, 
0.80) with S∞=2.550. B with a significantly small value at the beginning is getting larger and converging  
(but both facilities still coexist). 
Another peculiar movement noted is the tendency of concentration even when the value of λ is large  
(usually spreading if the λ value is large) under certain conditions. For example, when λ=8, 4 and α=0 
there is a narrow strip area around r1=r2 with a tendency towards concentration even though Sn takes an 
extreme value. 
Figure 5-(1), 5-(2), 6-(1) and 6-(2) are the examples of patterns with two set of parameters. Each “(1)” 
shows the trade area of two facilities just after the process has once operated the initial condition (S1). 
The discrete740 dots, displayed for ease of imaging, are divided into white ones (for facility A) and black 
λ
㻔㼞 㻝 㻘㻌㼞 㻞 㻕 㻔㻜㻚㻢㻜㻘㻌㻜㻚㻟㻜㻕 㻔㻜㻚㻢㻜㻘㻌㻜㻚㻟㻣㻕 㻔㻜㻚㻢㻜㻘㻌㻜㻚㻟㻤㻕 㻔㻜㻚㻢㻜㻘㻌㻜㻚㻠㻜㻕 㻔㻜㻚㻟㻜㻘㻌㻜㻤㻜㻕 㻔㻜㻚㻡㻜㻘㻌㻜㻚㻤㻜㻕 㻔㻜㻚㻣㻜㻘㻌㻜㻚㻤㻜㻕 㻔㻜㻚㻥㻜㻘㻌㻜㻚㻤㻜㻕
α
㻿 㻜 㻜㻚㻡㻜㻜 㻜㻚㻡㻜㻜 㻜㻚㻡㻜㻜 㻜㻚㻡㻜㻜 㻜㻚㻜㻝㻜 㻜㻚㻜㻝㻜 㻜㻚㻜㻝㻜 㻜㻚㻜㻝㻜
㻿 㻝 㻜㻚㻡㻥㻣 㻜㻚㻡㻜㻟 㻜㻚㻠㻥㻝 㻜㻚㻠㻢㻤 㻜㻚㻜㻝㻝 㻜㻚㻜㻝㻡 㻜㻚㻜㻞㻜 㻜㻚㻜㻞㻢
㻿 㻞 㻜㻚㻥㻞㻜 㻜㻚㻡㻝㻜 㻜㻚㻠㻢㻥 㻜㻚㻠㻜㻜 㻜㻚㻜㻝㻞 㻜㻚㻜㻞㻟 㻜㻚㻜㻠㻜 㻜㻚㻜㻢㻝
㻿 㻟 㻝㻚㻥㻤㻤 㻜㻚㻡㻞㻣 㻜㻚㻠㻝㻣 㻜㻚㻞㻡㻜 㻜㻚㻜㻝㻠 㻜㻚㻜㻟㻢 㻜㻚㻜㻣㻝 㻜㻚㻝㻝㻤
㻿 㻠 㻡㻚㻜㻝㻤 㻜㻚㻡㻣㻜 㻜㻚㻞㻤㻣 㻜㻚㻜㻤㻤 㻜㻚㻜㻝㻡 㻜㻚㻜㻡㻞 㻜㻚㻝㻜㻤 㻜㻚㻝㻥㻢
㻿 㻡 㻝㻡㻚㻠㻢㻞 㻜㻚㻢㻤㻡 㻜㻚㻝㻝㻡 㻜㻚㻜㻝㻥 㻜㻚㻜㻝㻣 㻜㻚㻜㻢㻥 㻜㻚㻝㻠㻤 㻜㻚㻞㻥㻠
㻿 㻢 㻢㻤㻚㻞㻜㻥 㻝㻚㻜㻜㻡 㻜㻚㻜㻞㻣 㻜㻚㻜㻜㻠 㻜㻚㻜㻝㻥 㻜㻚㻜㻤㻡 㻜㻚㻝㻤㻥 㻜㻚㻠㻜㻥
㻿 㻣 㻟㻟㻣㻚㻤㻠㻟 㻝㻚㻥㻥㻟 㻜㻚㻜㻜㻡 㻜㻚㻜㻜㻝 㻜㻚㻜㻞㻞 㻜㻚㻜㻥㻥 㻜㻚㻞㻞㻤 㻜㻚㻡㻟㻣
㻿 㻤 㻝㻣㻝㻣㻚㻟㻥㻤 㻠㻚㻥㻜㻡 㻜㻚㻜㻜㻝 㻝㻚㻞㻜㻝㻌㼤㻝㻜 㻙㻠 㻜㻚㻜㻞㻡 㻜㻚㻝㻝㻝 㻜㻚㻞㻢㻠 㻜㻚㻢㻣㻡
㻿 㻥 㻤㻣㻣㻢 㻝㻡㻚㻥㻥 㻝㻚㻣㻣㻥㻌㼤㻝㻜 㻙㻠 㻜 㻜㻚㻜㻞㻥 㻜㻚㻝㻞㻝 㻜㻚㻞㻥㻢 㻜㻚㻤㻞㻜
㻿 㻝㻜 㻠㻠㻤㻥㻌㼤㻝㻜 㻣㻡㻚㻤㻞 㻟㻚㻞㻟㻤㻌㼤㻝㻜 㻙㻡 㻜 㻜㻚㻜㻟㻟 㻜㻚㻝㻞㻥 㻜㻚㻟㻞㻡 㻜㻚㻥㻢㻥
䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉
㻿䌲 䌲 䌲 㻜 㻜 㻜㻚㻜㻢㻞 㻜㻚㻝㻡㻢 㻜㻚㻠㻢㻤 㻞㻚㻡㻡㻜
㻟π 㻛㻠
㻞㻞
π 㻛㻠
λ 㻤 㻠 㻞 㻝
㻔㼞 㻝㻘㻌㼞 㻞㻕
α 㻜 π 㻛㻠 π 㻛㻞 㻟π 㻛㻠 π
㻿㻜 㻞㻚㻜㻜㻜 㻞㻚㻜㻜㻜 㻞㻚㻜㻜㻜 㻞 㻞㻚㻜㻜㻜 㻞㻚㻜㻜㻜 㻞㻚㻜㻜㻜 㻞㻚㻜㻜㻜 㻞㻚㻜㻜㻜
㻿㻝 㻝㻚㻠㻢㻥 㻝㻚㻢㻣㻜 㻞㻚㻝㻡㻢 㻟㻚㻡㻥㻥 㻟㻚㻜㻥㻣 㻞㻚㻝㻣㻥 㻝㻚㻢㻤㻝 㻝㻚㻡㻝㻣 㻝㻚㻠㻣㻢
㻿㻞 㻝㻚㻟㻤㻣 㻝㻚㻡㻢㻟 㻞㻚㻞㻣㻥 㻝㻜㻚㻜㻟 㻣㻚㻜㻟㻥 㻞㻚㻟㻟㻟 㻝㻚㻡㻟㻥 㻝㻚㻟㻡㻢 㻝㻚㻟㻝㻡
㻿㻟 㻝㻚㻟㻣㻞 㻝㻚㻡㻞㻠 㻞㻚㻟㻣㻟 㻥㻣㻚㻡㻡 㻞㻟㻚㻞㻣㻤 㻞㻚㻠㻢㻤 㻝㻚㻠㻣㻟 㻝㻚㻞㻥㻢 㻝㻚㻞㻡㻥
㻿㻠 㻝㻚㻟㻣㻜 㻝㻚㻡㻝㻝 㻞㻚㻠㻠㻡 㻥㻡㻝㻟 㻢㻠㻚㻝㻣㻤 㻞㻚㻡㻤㻤 㻝㻚㻠㻠㻜 㻝㻚㻞㻣㻟 㻝㻚㻞㻟㻥
㻿㻡 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻡 㻞㻚㻠㻥㻥 㻥㻚㻜㻡㻜㼤㻝㻜 㻣 㻝㻝㻣㻚㻟㻣㻜 㻞㻚㻢㻥㻥 㻝㻚㻠㻞㻠 㻝㻚㻞㻢㻠 㻝㻚㻞㻟㻝
㻿㻢 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻠 㻞㻚㻡㻠㻜 㻤㻚㻝㻥㻜㼤㻝㻜 㻝㻡 㻝㻡㻤㻚㻡㻞㻤 㻞㻚㻤㻜㻟 㻝㻚㻠㻝㻢 㻝㻚㻞㻢㻜 㻝㻚㻞㻞㻥
㻿㻣 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻟 㻞㻚㻡㻣㻜 㻢㻚㻣㻜㻣㻌㼤㻝㻜 㻟㻝 㻝㻤㻞㻚㻜㻝㻣 㻞㻚㻥㻜㻠 㻝㻚㻠㻝㻟 㻝㻚㻞㻡㻤 㻝㻚㻞㻞㻤
㻿㻤 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻟 㻞㻚㻡㻥㻟 㻠㻚㻠㻥㻤㻌㼤㻝㻜 㻢㻟 㻝㻥㻟㻚㻡㻟㻝 㻟㻚㻜㻜㻡 㻝㻚㻠㻝㻝 㻝㻚㻞㻡㻤 㻝㻚㻞㻞㻣
㻿㻥 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻞 㻞㻚㻢㻝㻜 㻞㻚㻜㻞㻠㻌㼤㻝㻜 㻝㻞㻟 㻝㻥㻤㻚㻣㻥㻟 㻟㻚㻝㻜㻤 㻝㻚㻠㻝㻜 㻝㻚㻞㻡㻤 㻝㻚㻞㻞㻣
㻿㻝㻜 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻞 㻞㻚㻢㻞㻞 䞉䞉䞉 㻞㻜㻝㻚㻝㻞㻟 㻟㻚㻞㻝㻥 㻝㻚㻠㻜㻥 㻝㻚㻞㻡㻣 㻝㻚㻞㻞㻣
䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉 䞉䞉䞉
㻿䌲 㻝㻚㻟㻢㻥 㻝㻚㻡㻜㻞 㻞㻚㻢㻡㻣 䌲 㻞㻜㻞㻚㻥㻞㻝 㻠㻞㻚㻡㻟㻟 㻝㻚㻠㻜㻥 㻝㻚㻞㻡㻣 㻝㻚㻞㻞㻣
㻤
㻔㻜㻚㻢㻜㻘㻌㻜㻚㻠㻜㻕 㻔㻜㻚㻞㻜㻘㻌㻜㻚㻝㻜㻕
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ones (for facility B) by the boundary with the process in chapter 2. Each “(2)” means the final status of 
the trade area of two facilities (S∞). 
5. Conclusions 
The study observed the effect of the parameters and the positioning of two facilities using the gravity 
model within a two-dimensional circle. While the positioning of facilities, distance-decay parameter and 
initial ratio of facilities scale complicatedly influence the result, the destiny of the two facilities is 
completely determined by them. The overall tendency of the weak-to-the-wall phenomenon is recognized 
with decreasing the value of distance-decay parameter, however, the paradoxical phenomena are also 
found according to the initial conditions even though they might not be unexpected.  
The decreasing of distance-decay parameter seems to symbolize a kind of globalization such that the 
traffic and/or interaction against distance turn to be smoother. This model’s overall result supports the 
Fig. 5-(1). Area division at n=1 when λ=2, (r1, r2) 
= (0.60, 0.38), α=π/4 and S0=0.50 
Fig. 5-(2). Area division at n=∞ in the same case of 
Figure 5-(1) 
Fig. 6-(1). Area division at n=1 when λ=2, (r1, r2) = 
(0.60, 0.37), α=π/4 and S0=0.50 
Fig. 6-(2). Area division at n=∞ in the same case 
of Figure 6-(1) 
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phenomenon named “straw effect” in the real world which means that the larger facility tends to exploit 
the share of smaller one with globalization. However the model also says that the exquisiteness of 
positioning or location may be able to save the weak in some cases.  
The process of feedback loop itself is simple, however, it creates a kind of deterministic chaos. The 
minute fluctuations of initial condition cause large difference of results, which would be called a 
“butterfly effect”.  It reveals that some chaotic dynamics exist in this recursive process.  
The further challenge is to investigate how the model works in a network, to better simulate the real 
situation in cities. There has been significant progress in the study of network dynamics in recent years. 
The author would like to take these into consideration in future studies, with the aim of developing 
models that can more accurately simulate the real world.  
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